A simple algorithm is proposed for the optimal distribution of a number of base stations in a microcellular environment. Criteria are defined in order to decide the combinations of antennas that should be tested, and a quality factor is proposed to compare them. Results are presented for a specXic environment.
L INTRODUCTION
One of the most important stages in the design of a mobile communications system consists in deciding a proper location for the base stations. There are many tools available to calculate the coverage of an antenna according to a propagation model, but it is also necessary to have some kind of tool making it possible to deal with tlus problem of location and so avoid a haphazard process of trial and error. However, little effort has been devoted to this issue in the literature published to date. The objective of this paper is to present a simple and fast algorithm that gives an initial approach to an optimal base station dstribution that can be used as a starting point in the process of obtaining a good real distribution for a microcellular outdoor scenario consisting of a regular distribution of buildings into parallel and perpendicular streets with antennas located below roof-top level, monopole antennas being the type to be used.
II. DEFINING AN OPTIMAL DISTRIBUTION OF BASE STATIONS
In order to find the best distribution of base stations, given the number N of antennas to use and the characteristics of the environment, it is necessary to try different combinations of N positions of the antennas and compare them, so the first step is to define a quality parameter that allows tlus comparison process and which must be easy and fast to calculate.
A first possible criterion for deciding whether a distribution of base stations is better than another is to compare them according to the power level received at the Merent points: a higher level means that the combination is more suitable. One way to measure this characteristic is to calculate the average power level of the different points considered. Another important aspect to focus on is the sensitivity level S defined by the system, in other words, the minimum power level needed by the receiver to work properly. As a result, we must penalize the quality factor of a distribution if it has a large number of points below t h s level. For example, in the DECT system, for whch the application was first designed, this level is -83 B m , although a margin to prevent possible fading should also be considered, thus making this level higher.
The above discussion leads us to define the quality factor as Q = P,Q+ P) 0-7803-4872-9/98/$10.00 0 1998 IEEE 2. -Providing homogeneity of coverage throughout the environment in order to avoid those combinations that would produce high levels in a certain region and at the same time very low levels in other places. In other words, we are looking for a power distribution with low standard deviation. This can be achieved by placing the antennas as far apart as possible.
3. -Reducing the number of antennas used to cover the whole region, always maintaining the characteristics of a microcellular environment. This can be done by increasing the region covered by a single antenna by placing it on a street corner: thus we ensure that more points have LOS to this antenna, which means better power levels. If we also consider that there will be little difference in coverage whether the antenna is placed at one point or another of the intersection, we will assume that the central point of the intersection will represent all of its points, so that only this point will be considered as a candidate to have an antenna.
IIL DESCRIPTION OF THE WORK ENVIRONMENT As mentioned above, the objective is to locate a number of antennas in a microcellular outdoor environment. Consequently, the Uni-Lund model described in [l] was used to calculate the coverage. Nevertheless, other proposed models could be used instead without invalidating the planning approach we propose. This model considers a regular distribution of buildings into parallel and perpendicular streets with antennas located below-roof-top level, and defines a different model for the LOS and the NLOS situations. The attenuations for these two cases are given in expressions (3),(7), being x the distance between the antenna and the receiver in the LOS case and y the distance between the receiver and the intersection for the NLOS case (see Figure 1) 
IV. OPTIMAL BASE STATION DISTRIBUTION

ALGORITHM
The algorithm that we propose to find an optimal location for the base stations can be subdivided into the following steps:
1.-Data acquisition, using an AutoCAD drawing, of the characteristics of the environment. The drawing is then divided into small sections that we call resolution units, to each of which the corresponding height of the drawing is assigned. As a result of these two processes, we obtain a matrix that we call a height matrix, where each point (id) has information about its correspondmg height level.
2.-Detection of the intersections in the drawing. For this purpose. we make use of the height matrix. First of all, we transform this matrix into a binary one where each position (ij) has the value 0 if its height is lower than that of the antenna and 1 otherwise. We can consider this matrix as a binary image, made of pixels with values 0 and 1. Then, all the technical methods used in digital image processing can be applied. In our case. we are interested in detecting the intersections of the streets that are present in the matrix and that have a very specific shape: a cross. As a result, we carried out a shape detection process by making use of a technique based on mathematical morphology used in non-linear digital image processing: dilation [3], [4] . This operation can be defined formally as follows:
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(9) f @ B = m a x f ( x + b l , y + b 2 ) 'd(bl,b2)€B (13) where f(x,y) is the original image (the height matrix in our case) and B is another matrix, called the structuring element, that contains the shape to be detected (a cross in our case) and can be considered as a mask.
Basically, this method consists in performing a series of superpositions of the structuring element and the matrix f(x,y) by placing for each one the central point of B at each point of f(x,y) ( t h~s is the same as moving the mask B over the whole of the matrix f(x,y)). Then, for each superposition, the result will be the maximum value between all the points of f(x,y) that are below the mask. In other words, for binary images, the result will be 0 if all the points below the mask are 0, and 1 in all other cases. A simple example of this method is shown in Figure 2 .
The final step, then, is to find the central point for each of the resulting groups of Os in the final matrix, which corresponds to the central point of each of the intersections in the original matrix. The result of the above process is a list of all the intersections in the environment that will be candidates to have an antenna. If a position is found that does not correspond exactly to a crossing, this does not pose any problem, as it will simply be an additional candidate to consider. 3.-Partition of the environment into N regions, N being the number of base stations to be distributed. In each region we will force the presence of just one antenna. Tlvs process allows us to separate the antennas as much as possible, in order to give a homogeneous coverage of the environment. We do this by dividing the whole environment into approximately equal rectangular regions. Some improvements could be made to this method by means of an adaptive process to cany out the partition when considering coverage values.
4.-Calculation of the coverage files for each candidate. This is the slowest process, but it must be said that it need only be done once if we only change N and not the environment or the antenna parameters (gain, height, etc.).
candidates, and the calculation of the quality factor defined in Equation 1. Finally, we choose the combination that gwes us the highest value of Q. Figure 3 shows the results that we reached by using the process explained above in the UPC campus environment (approximately 340 x 160 m.) when we tried to locate N-3, 4 and 5 base stations, according to the DECT system, with monopoles working at 1.89 GHz, an EW (Equivalent Radiated Power) of 24 dBm, an antenna height of 5 m, and sensitivity levels of S=-83, -77, -75 and -71 dBm. More details of these results can be found in [SI. The quality factors obtained for these distributions are shown in Table 1 .
V. RESULTS FOR THE SELECTED ENVIRONMENT
W. CONCLUSIONS
A simple approach to determine an optimal distribution of N base stations in a microcellular environment has been proposed. First of all, a quality factor to compare Merent dstributions has been defined, as well as some aspects to reduce the number of distributions to test. Afterwards, an algorithm has been proposed and it has been applied to a particular environment, showing the results obtained, that have been considered satisfactory as a first approximation in the process of determining the best locations for the base stations in a microcellular mobile communications system. 
